Abstract: The present research study deals with an economic reliability efficient group acceptance sampling plan for time truncated tests which are based on the total number of failures assuming that the life time of a product follows the family for Pareto distribution. This research is proposed when a multiple number of products as a group can be observed simultaneously in a tester. The minimum termination time required for a given group size and acceptance number is determined such that the producer and consumer risks are satisfied for specific standard of quality level, while the number of groups and the number of testers are pre-assumed. Comparison studies are made between the proposed plan and the existing plan on the basis of minimum termination time. Two real examples are also discussed.
INTRODUCTION

Different techniques of life testing exist in
Statistical Quality Control to ensure or improve the quality standard of a product. In the new era, to meet the growing advancement, the manufacturers wish to use the high standard quality manufacturing techniques. One of the most important techniques of statistical quality control to ensure the quality of the product is acceptance sampling plan. Acceptance sampling plan is an important scheme to examine the desire quality standard of the product observed in a sample taken from the whole batch or lot and on the basis of this judgment make an inference to accept or reject a submitted lot of the product by a vendor. When the inspection of the product is very costly one may refer to use Economic Reliability Accepting Sampling Plan (ERASP). Economic Reliability Accepting Sampling Plan (ERASP) is minimizing the total inspection also reduces cost, time, energy and labor. It is simply considered in the ordinary sampling plans that only a single product is put in a tester for inspection. Ordinary sampling plans of the various lifetime distributions are discussed by many researchers (Epstein, 1954; Grimshaw, 1993; Jun et al., 2006; Kantam et al., 2006; Baklizi, 2003; Tsai and Wu, 2006; Balakrishnan et al., 2007; Rosaiah et al., 2008; Schilling and Neubauer, 2008; Srinivasa Rao, 2011; Mughal et al., 2011b) . If the manufacturer desires to test more than one product at a one time because experimental cost, time, energy and labor can be saved by testing these products simultaneously, the sampling plan follows this type of testing will be called an economic reliability group acceptance sampling plan basis on the truncated life test. According to Mughal et al. (2010a) a sampling plan with this kind of tester consists of the sample size is equivalent to the number of testers. Aslam et al. (2010a Aslam et al. ( , 2010b proposed the group acceptance sampling plan on the truncated life test when the lifetime of a product follows the Pareto distribution of the second kind and generalized pare to distribution, respectively. The consumer and producer play a vital role in group acceptance sampling plan to lead the desired quality standards of the product. The chance of accepting the bad lot is called the consumer risk and the chance of rejecting the good lot is called the producer risk. Mughal et al. (2010b) develop the economic reliability group acceptance sampling plan for truncated life test having Weibull distribution by satisfying both the risks. The main objective of this study is to propose the efficient economic reliability group acceptance sampling plan for the truncated life test when the lifetime of a product follows the family of Pareto distribution.
THE ECONOMIC RELIABILITY EFFICIENT GROUP ACCEPTANCE SAMPLING PLAN
Pareto (1897) suggested the Pareto distribution as a model for income and Baklizi (2003) developed an ordinary acceptance sampling plan for Pareto distribution of the 2 nd kind. Choulakian and Stephens (2001) , Zhang (2007) and Abd Elfattah et al. (2007) have worked on generalized Pareto distribution. Recently, Mughal and Aslam (2011a) developed an efficient Group Acceptance Sampling Plan (GASP) for family Pareto distribution. The Cumulative Distribution Function (CDF) and the Probability Density Function (PDF) of the Pareto distribution of the 2 nd kind are as follow:
'λ' and 'σ' represents the shape and scale parameters, respectively. The mean of this distribution is:
It is note that mean function is valid when the values of the shape parameter is higher than 1. The Cumulative Distribution Function (CDF), the Probability Density Function (PDF), survival S (t) and hazard function H (t) of the generalized Pareto distribution are:
where, λ<t<∞, β>0, α>0, δ>0, λ is the location parameter, β is the scale parameter and (α, δ) are shape parameters respectively. The mean and variance of generalized Pareto distribution are respectively:
The above defined generalized Pareto distribution (5) can be converted to different distributions such as:
• If δ = 1, (5) reduces to a three-parameter Pareto distribution (10) with PDF:
where λ<t<∞, β>0, α>0, where λ is the location parameter, β is the scale parameter and α is the shape parameter.
• If β δ = θ, (5) reduces the 4-parameter compound Weibull-gamma distribution (11) with PDF: 
• If β δ = θ and δ = 2, (5) reduces to 3-parameter compound Rayleigh-gamma distribution (12) with PDF:
• If β δ = θ and α = 1, (5) reduces to 3-parameter compound Weibull-exponential distribution (13) with PDF:
• If β δ = θ and δ = α = 1, (5) reduces to 2-parameter compound exponential-exponential distribution (14) with PDF:
• If β = 1 and λ = 0, (5) reduces the 2-parameter Burr XII distribution (15) with PDF:
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where, δ and α are the shape parameters.
• If δ = 1 and λ = 0, (5) reduces to the 2-parameter Lomax distribution (16) with PDF:
( 1)
• If β = δ = 1 and λ = 0, (5) reduces to beta type II distribution (17) with PDF:
For more details one may refer to Abd Elfattah et al. (2007) . In the literature, Mughal et al. (2011b) proposed the efficient group acceptance sampling plan and made an inference on the information that a product under testing will be rejected if the number of defective items in each group is greater than or equal to the prespecified acceptance number, otherwise the lot is accepted. By using this relationship, we developed the following economic reliability efficient group sampling plan based on the family for Pareto distributions. Consider µ denote the true mean life of a product and µ 0 represent the specified mean life. A submitted product by the vendor is considered as good or reliable and accepted for consumer use if satisfies the hypothesis H 0 : µ≥µ 0 otherwise the same is rejected. In acceptance sampling technique, this hypothesis is inspected based on the number of failure occurs from a sample in an experimental truncation time which is denoting by t 0 . The submitted lot is accepted if the number of failures less than the acceptance number c. The hypothesis H 0 : µ≥µ 0 is leading to a reliable inference at comprehensive quality level of both risks to accept the submitted lot. The proposed economic reliability efficient group acceptance sampling plan can be stated as:
Step 1: Find the minimum truncation or termination time and allocate r products (or testers) to each pre-specified g group so that the sample size is n = r×g.
Step 2: Specify the acceptance number c for each group.
Step 3: Terminate the experiment and reject the submitted lot if more than c failures are found during the experimental truncation time.
It is interesting to note that the proposed plan is the generalization of the ordinary acceptance sampling plan. If r = 1, this plan reduces the ordinary single sampling plan. If the total number of failures occurred from every group is less than or equal to the preassumed acceptance number c, then the lot acceptance probability of the proposed plan is written as follow (18):
where, p is the probability or chance that a product in any group fails during the truncation (termination) time t 0 . It would be convenient to write the termination time t 0 as a multiple of the pre-assumed life µ 0 and test termination ratio a. That is, we will suppose t 0 = aµ 0 for a constant a. So, the lot acceptance probability of Pareto distribution of the second kind (19) and generalized Pareto distribution (20) can be written as:
The probability of rejecting a good product is called the producer risk denoting by α* and the probability of accepting a bad product is called the consumer risk denoting by β respectively. Economic reliability efficient group acceptance sampling plan under the true mean life to specified life µ/µ 0 is developed to find the minimum truncation or termination time when the following inequality (21) is satisfied:
DESCRIPTION OF TABLES AND EXAMPLES
The constructed Table 1 to 3 represents the minimum termination time, the acceptance number c, number of groups g and the number of testers r required for the proposed economic reliability efficient group acceptance sampling plan according to various values of the producers risk (α* = 0.25, 0.10, 0.05, 0.01) when the true mean life equals to the specified mean life. We consider different values of the λ, α and δ to find the minimum termination time that can be obtained, if needed. These tables are constructed by using different values of the shape parameters of Pareto distribution of the second kind and generalized Pareto distribution for example (λ = 2, 3), (α, δ = 2) respectively to find the minimum termination time by using the proposed plan.
Consider that the lifetime of a product under consideration is known to follow a Pareto distribution of the second kind with the shape parameter (λ = 2). Suppose that it is desired to develop a proposed plan to assure that the mean life is greater than 5000 h through the experiment to be completed by 5000 h using testers equipped with five products each in three groups. It is assumed that the producer risk is 5% then the designed parameters of the proposed plan are (r, g, c, α*) = (5, 2, 0.05). This means that a total of 15 products are needed and that five products will be allocated to each of the three groups. We will accept the lots if no more than two failures occur before 149 (5000×0.0297) h in all groups, otherwise the lot is rejected.
COMPARATIVE STUDY
In Table 4 to 6 the upper values of cells showing the proposed plan and lowest values presenting the existing plan. In Table 4 to 6, the minimum termination time finding by a proposed plan is minimal when compared to an existing plan. Consider that we want to develop an economic reliability efficient group acceptance sampling plan based on the generalized Pareto distribution with pre-specified mean ratio is µ/µ 0 = 10000 h and the value of the shapes parameters are α = 2, δ = 2 when the producers risk is 5%. If c = 0, r = 2 and g = 1, the termination time from the propose approach is 2307 h and from the existing approach it is 20000 h.
CONCLUSION
In this research study, minimum test truncation or termination time is determined for the specified values of producer's risk considering that the lifetime of the product follows the family Pareto distribution. The test truncation or termination time obtained by proposed plan is less than the exiting plan, so we can conclude that the present plan is more economical in the sense of saving cost, time, energy and labor.
